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I a Class n u c l e a r  
e n g i n e  c u r r e n t l y  r e q u i r e s  u t i l i z a t i o n  o f  a S a t u r n  V s i n c e  sub-  
o r b i t a l  s t a r t  w i l l  i n  a l l  l i k e l i h o o d  be  p r o h i b i t e d  on e a r l y  f l i g h t s .  

opment c o s t  of f l i g h t  hardware .  I f  t h e  n u c l e a r  e n g i n e  and s t a g e  
are  r e d u c e d  i n  s i z e  to t h e  p o i n t  where t e s t  a r t i c l e s  c o u l d  b e  f lown 
on l e s s  e x p e n s i v e  l aunch  v e h i c l e s  such  as T I I I M ,  s i g n i f i c a n t  r e d u c -  
t i o n s  i n  e a r l y  t e s t  and t echno logy  development  program c o s t  would 
r e s u l t .  I n  t h i s  s t u d y  c o n c e p t u a l  d e s i g n s  o f  small n u c l e a r  s tages  
c o m p a t i b l e  w i t h  T I I I M ,  and a n  i n t e r m e d i a t e  l aunch  v e h i c l e  i n  t h e  
1 0 0 , 0 0 0  l b  pay load  c l a s s  a re  u n d e r t a k e n .  Performance and a p p l i c a -  
t i o n  o f  such  a . s t a g e  to u s e f u l  unmanned m i s s i o n s  a re  e v a l u a t e d  p r e -  
suming n u c l e a r  s t a g e  s t a r t u p  a f t e r  ea r th  o r b i t  has been  a c h i e v e d .  
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A n u c l e a r  s t a g e  s i z e d  f o r  T I I I M  i n s e r t i o n  to a 1 0 0  n.m. 
p a r k i n g  o r b i t  i s ,  w i t h i n  p r e s e n t  u n c e r t a i n t i e s ,  on ly  c o m p e t i t i v e  
w i t h  a s u b o r b i t a l l y  l aunched  TIIIM/Centaur f o r  v e l o c i t i e s  r a n g i n g  
from ear th  e s c a p e  t o  s o l a r  sys tem e s c a p e .  Payloads  a re  r educed  
b y  over 20% i f  300 n.m. p a r k i n g  o r b i t  i n s e r t i o n  i s  r e q u i r e d  f o r  
r a n g e  s a f e t y .  However, s u b s t a n t i a l  p a y l o a d s  ( i . e . ,  1 0 , 5 0 0  l b s  t o  
Mars and 4 , 3 0 0  l b s  to J u p i t e r )  a re  s t i l l  a c h i e v a b l e .  N u c l e a r  s t a g e s  
c o m p a t i b l e  w i t h  i n t e r m e d i a t e  1 0 0 , 0 0 0  l b  c l a s s  b o o s t e r s  have s l i g h t l y  
improved performance compared t o  advanced c r y o g e n i c s  o f  e q u i v a l e n t  
gross weight  l aunched  from 1 0 0  n.m. c i r c u l a r  p a r k i n g  o r b i t .  Sange 
s a f e t y  p e n a l t i e s  f o r  300 n.m. p a r k i n g  o r b i t  i n s e r t i o n  r e s u l t  i n  ap-  
p r o x i m a t e l y  a 1 2 %  pay load  r e d u c t i o n .  

It i s  concluded  t h a t  w i t h o u t  s u b o r b i t a l  s t a r t ,  u t i l i z a t i o n  
of  t h e  TIIIM/Nuclear  s t a g e  as an i n j e c t i o n  s t a g e  f o r  unmanned m i s -  
s i o n s  canno t  b e  j u s t i f i e d  s o l e l y  on t h e  bas i s  o f  pe r fo rmance .  
Added program c o s t  and complexi ty  o f  m i s s i o n s  u t i l i z i n g  a n u c l e a r  
s t a g e  would have t o  b e  i n c u r r e d  on grounds  of  s u s t a i n i n g  n u c l e a r  
e n g i n e  development .  

SEE REVERSE S I D E  FOR D I S T R I B U T I O N  L I S T  
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I .  I N T R O D U C T I O N  

f Development o f  a n u c l e a r  e n g i n e  i n  t h e  7 5 , 0 0 0  l b  

Nerva t h r u s t  r ange  c u r r e n t l y  r e q u i r e s  u t i l i z a t i o n  o f  a S a t u r n  
V l a u n c h  v e h i c l e  f o r  f l i g h t  t e s t  and q u a l i f i c a t i o n  s i n c e  sub- 
o r b i t a l  s t a r t  w i l l  i n  a l l  l i k e l i h o o d  be  p r o h i b i t e d  on e a r l y  
f l i g h t s .  V e h i c l e  c o s t s  a r e ,  a s  a consequence ,  a ma jo r  f a c t o r  
i n  o v e r a l l  development c o s t  of f l i g h t  ha rdware .  I f  t h e  nu- 
c l e a r  e n g i n e  and s tage  were reduced  i n  s i z e  to t h e  p o i n t  where 
t e s t  a r t i c l e s  c o u l d  b e  f lown  on less  e x p e n s i v e  l a u n c h  v e h i c l e s ,  
s i g n i r i c a n t  r e d u c t i o n s  i n  e a r l y  t e s t  and t e c h n o l o g y  deve lop -  
ment program c o s t  would r e s u l t .  

The pu rpose  o f  t h i s  s t u d y  i s  t o  c o n c e p t u a l l y  d e s i g n  
a small n u c l e a r  s t a g e  compat ib le  w i t h  a r e l a t i v e l y  cheap  l aunch  
v e h i c l e  such  as T I I I M ,  and e v a l u a t e  i t s  per formance  and  a p p l i -  
c a t i o n  t o  u s e f u l  unmanned m i s s i o n s .  

11. MISSION APPLICATION OF SMALL NUCLEAR ENGINES 

Manned Miss ions  

Manned p l a n e t a r y  m i s s i o n s  d e m o n s t r a t e  t h e  f i rmes t  re-  
qu i r emen t  f o r  n u c l e a r  r o c k e t  p r o p u l s i o n ,  and have p r o v i d e d  t h e  
b a s i c  impe tus  f o r  n u c l e a r  eng ine  development .  S u b s t a n t i a l  weight 
s a v i n g s  compared t o  c r y o g e n i c s  (on  t h e  o r d e r  o f  5 0 %  o f  i n i t i a l  
we igh t  i n  eaieth 0i-bj.t f o r  some missioi2S) C8i-i r e s u l t .  

For o r b i t e r  and l a n d i n g  m i s s i o n s ,  low a l t i t u d e  c i r c u l a r  
p l a n e t a r y  c a p t u r e  o r b i t s  a r e  i d e a l  f o r  p u r p o s e s  of  g a t h e r i n g  h i g h  
q u a l i t y  data.  However, a d o p t i o n  o f  l e s s  a m b i t i o u s  data  g o a l s  p e r -  
m i t s  u s e  o f  h i g h l y  e l l i p t i c  c a p t u r e  o r b i t s  a t  ereat  o v e r a l l  weight  
s a v i n g s .  A s  n o t e d  i n  Reference  1, t h r u s t  i n  t h e  r a n g e  from 
1 0 , 0 0 0  l b f  t o  4 0 , 0 0 0  l b f  would be  a p p l i c a b l e  f o r  p l a n e t a r y  c a p t u r e  
and e s c a p e  maneuvers i f  e l l i p t i c a l  p a r k i n g  o r b i t s  were u t i l i z e d .  



BELLCOMM. INC. - 2 -  

This thrust range can also be employed for escape from highly 
elliptic earth orbit (slightly less than escape velocity) using 
small injection stages matched to Saturn V payload insertion 
capability. This mode is somewhat less efficient than launch 
from low circular earth orbit since nuclear stage performance 
is utilized over a smaller impulsive velocity range. However, 
a major new engine development could be eliminated. 

Possible earth orbital and lunar applications f o r  
engines smaller than Nerva are discussed in Reference 2. 

Unmanned Missions 

The results of this study will show that a single 
10,000 lbf thrust engine could be flown on a small nuclear stage 
compatible with TIIIM, and would be capable of launching un- 
manned planetary payloads of more than 10,000 lbs to Mars and 
500 lbs to solar escape. Performance would only approximate 
that of advanced cryogenics. However a small nuclear stage 
used for unmanned missions could concomitantly serve as a test 
and qualification vehicle for man rated engines ultimately to 
follow. The degree of added program cost and complexity for 
unmanned missions might conceivably be justifiable if, as a 
result, nuclear rocket development were sustained. Ultimately 
a single engine size could suffice for both manned and unmanned 
mission areas. 

111. CURRENT STUDY OBJECTIVES 

Success of the small engine/small stage development 
approach is in great measure contingent on achieving acceptable 
nuclear stage performance for the high energy unmanned probe 
missions. Here stage performance is extremely sensitive to 
mass fraction (ratio of propellant weight to gross stage weight). 
To gain a realistic measure of small nuclear stage performance a 
preliminary stage design analysis is undertaken. TIIIM and an 
uprated Titan (Reference 3) with a large diameter core and 156 
inch solids (TIIIG) are assumed as earth orbit injection vehicles. 
Scaling laws are derived for nuclear stages sized for both launch 
vehicles. Velocities in the range from earth escape to greater 
than solar system escape are considered. Comparisons with com- 
petitive cryogenic vehicles are made to gauge relative perfor- 
mance capability. A ffrubberizedff stage design is assumed in 
which the propellant container, residuals, payload shroud, etc., 
are varied as a function of propellant and payload weights. No 
restart capability is assumed, precluding use for synchronous 
orbit insertion. Comments about the implications of restart are, 
however, included in ensuing discussions. 
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T h i s  s t u d y  was l i m i t e d  to s t a r t u p  o f  t h e  n u c l e a r  
stage a f t e r  ea r th  o r b i t  has been a c h i e v e d ,  as w i l l  u n d o u b t e d l y  
b e  t h e  c a s e  i n  i n i t i a l  f l i g h t s .  I f  s u b o r b i t a l  s t a r t  can  b e  
employed a t  a l a t e r  t i m e ,  per formance  would exceed  t h a t  de t e r -  
mined h e r e .  

I V .  RANGE SAFETY 

Range s a f e t y  c o n s t r a i n t s  have a s i g n i f i c a n t  impac t  
on n u c l e a r  s t a g e  per formance .  
p o l i c y  u n c e r t a i n t i e s ,  s e v e r a l  r e p r e s e n t a t i v e  l a u n c h  modes are 
c o n s i d e r e d .  

I n  view o f  p r e s e n t  A E C  and  N A S A  

F a c t o r s  g o v e r n i n g  n u c l e a r  r o c k e t  r a n g e  s a f e t y  con- 
s t r a i n t s  a r e  f u n c t i o n a l l y  grouped i n  two  c a t e g o r i e s :  
and p o s t - s t a r t .  Hazards  a s s o c i a t e d  w i t h  n u c l e a r  r e a c t o r s  are  
due p r i m a r i l y  to f i s s i o n  p roduc t  r a d i a t i o n  e m i t t e d  d u r i n g  ope ra -  
t i o n  o f  t h e  r e a c t o r .  
s o u r c e  i s  uranium w i t h  low a c t i v i t y .  Dur ing  and a f t e r  o p e r a t i o n  
a t  h i g h  power,  t h e  f i s s i o n  p roduc t  r a d i a t i o n  i s  o r d e r s  o f  magni- 
t u d e  more i n t e n s e  t h a n  t h e  uranium r a d i a t i o n ,  b u t  u n l i k e  uran ium 
r a d i a t i o n  w i l l  decay a p p r e c i a b l y  w i t h  t i m e .  One o r  a f e w  years  
i s  g e n e r a l l y  c o n s i d e r e d  n e c e s s 8 r y  fnr  f i  s a i ~ n  >?-c~ducts  tc? den517 
t o  a t o l e r a b l e  l e v e l .  

pre-s tar t  

P r i o r  t o  o p e r a t i o n  t h e  o n l y  r a d i a t i o n  

- -J 

Pre-Star t  

Dur ing  ground h a n d l i n g  and l a u n c h ,  s u b - c r i t i c a l i t y  
( i . e . ,  no s u s t a i n e d  n e u t r o n  c h a i n  r e a c t i o n  p o s s i b l e )  must be  
i n s u r e d  f o r  a l l  o c c u r r e n c e s ,  i n c l u d i n g  d e s t r u c t i o n  o f  t h e  

l a u n c h  v e h i c l e .  
g u a r a n t e e i n g  l a u n c h  pad r e a c t o r  s u b - c r i t i c a l i t y  w i t h o u t  
f e r e n c e  w i t h  e n g i n e  o p e r a t i o n .  

S a t i s f a c t o r y  sys t ems  have been  d e v i s e d  f o r  
i n t e r -  

P o s t  -S t a r t  

An e n g i n e  f a i l u r e  s h o r t l y  a f t e r  s t a r t u p  c o u l d  f i x  t h e  
r a d i o a c t i v e  s tage i n  low e a r t h  o r b i t .  
more r a p i d l y  t h a n  t h e  f i s s i o n  p r o d u c t  r a d i o a c t i v i t y ,  random d i s -  
p e r s i o n  o f  r a d i o a c t i v e  m a t e r i a l  c o u l d  r e s u l t  d u r i n g  a tmosphere  
r e e n t r y .  
small i n c o n s p i c u o u s  p i e c e s  o f  " h o t "  ma te r i a l .  
r a d i o a c t i v e  f r agmen t s  and dust  might  r e s u l t  upon i m p a c t .  
combina t ion  o f  e v e n t s  p r e s e n t s  t h e  greatest  h a z a r d  to man and 
a n i m a l s .  

If t h e  o r b i t  decayed  

The n u c l e a r  e n g i n e  might d i s a s s e m b l e  b r e a k i n g  i n t o  
Smal l  h i g h l y  

( T h i s  
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A number o f  schemes have  been  c o n s i d e r e d  t o  i n s u r e  
t h a t  such  e v e n t s  w i l l  n o t  o c c u r :  

1. The n u c l e a r  s t a g e  cou ld  b e  p l a c e d  i n  a h i g h ,  l ong-  
l i v e d  p a r k i n g  o r b i t ,  a l l o w i n g  s u f f i c i e n t  t i m e  i n  
e v e n t  o f  f a i l u r e  f o r  f i s s i o n  p r o d u c t s  t o  decay  
p r i o r  to a tmospher i c  r e e n t r y .  

2 .  A chemica l  A u x i l i a r y  T h r u s t  System (ATS)  c o u l d  
e i t h e r  d e - o r b i t  t h e  s tage  s a f e l y  ( i n t o  t h e  o c e a n )  
o r  b o o s t  t h e  s t a g e  i n t o  a l o n g - l i v e d  o r b i t  
e n c e  4 ) .  The problem here  i s  i n s u r i n g  i n t e g r i t y  
o f  t h e  v e h i c l e  a f t e r  f a i l u r e  s o  t h a t  t h e  ATS w i l l  
have t i m e  t o  r e spond .  
i s  r e q u i r e d  f o r  t h i s  p u r p o s e .  Because o f  we igh t  
p e n a l t i e s  and s y s t e m  c o m p l e x i t y ,  p r a c t i c a l  u t i l i z a -  
t i o n  of  an ATS must b e  c o n s i d e r e d  s p e c u l a t i v e  a t  
t h i s  t ime.  

(Refer-  

An emergency c o o l i n g  s y s t e m  

3. The u s e  o f  m u l t i p l y  r e d u n d a n t  sys t ems  c o u l d  i n s u r e  
n u c l e a r  e n g i n e  i n s e r t i o n  i n t o  h i g h  p a r k i n g  o r b i t  
b e f o r e  comple te  f a i l u r e .  C u r r e n t  t h i n k i n g  a t  N A S A  

c o n s t r a i n t s  c o u l d  u l t i m a t e l y  b e  e l i m i n a t e d  b y  t h i s  
means, i n  which c a s e  s e l e c t e d  d e s i g n  improvements 
and f l i g h t  e x p e r i e n c e  c o u l d  e v e n t u a l l y  make low 
o r b i t  i n s e r t i o n  ( o r  p o s s i b l y  s u b o r b i t a l  o p e r a t i o n )  
o f  n u c l e a r  s t a g e s  a c c e p t a b l e .  ( S u b o r b i t a l  start 

Q,-,a A R P  E,2rrrrac+c t h q +  -irnnrr+ - 1 1  mn--l~-:-- - - o - t - -  
-**u ..- v b b . . " V V  V I ~ U V  C L I . l l W " W  ULL p;ilyLLaAll~ O a r G u y  

~ - 

would r e s u l t  i n  s u b s t a n t i a l  i n c r e a s e s  i n  p a y l o a d ,  
g e n e r a l l y  20  to 5 0 % . )  

V .  I N S E R T I O N  O R B I T  SELECTION 

Nuc lea r  s tage i n s e r t i o n  t o  1 0 0  n.m. i s  t a k e n  as nomina l ,  

If t h e  s tage were to disassemble d u r i n g  i g n i t i o n  

A p a r k i n g  o r b i t  o f  300 n.m. i s  presumed to s a t i s f y  r a n g e  

r e p r e s e n t a t i v e  of s a fe ty  mode 3 .  
2 to 5 d a y s .  
i n d i v i d u a l  f u e l  e l emen t s  would r e e n t e r  w i t h i n  a d a y .  

sa fe ty  r e q u i r e m e n t s  v i a  mode 1. 
a p p r o x i m a t e l y  5 years f o r  a n  i n t a c t  s tage  d e v o i d  o f  p r o p e l l a n t s .  
If t h e  r e a c t o r  d i sassembled  a f t e r  f a i l u r e ,  i n d i v i d u a l  f u e l  e l e m e n t s  
would e n t e r  c o n s i d e r a b l y  s o o n e r ,  between one and two y e a r s . *  

P a r k i n g  o r b i t  l i f e t i m e  i s  from 

T h i s  would p r o v i d e  a l i f e t i m e  o f  

* A s  a rough e s t i m a t e ,  a n  o r b i t a l  l i f e t i m e  of  one or two 
years s h o u l d  a l l o w  f i s s i o n  p r o d u c t s  t o  decay  to a l e v e l  safe  
f o r  random r e e n t r y .  
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V I .  LAUNCH VEHICLE CONSTRAINTS 

T I I I M  l a u n c h  c a p a b i l i t y  d i r e c t  to 100 n.m. c i r c u l a r  
o r b i t  i s  a p p r o x i m a t e l y  3 8 , 0 0 0  l b s .  The T I I M  second  s t a g e  i s  
n o t  r e s t a r t ab le  and as a r e s u l t  p a y l o a d  d i r e c t  t o  h i g h e r  c i r -  
c u l a r  o r b i t  degrades r a p i d l y .  D i r e c t  l a u n c h  p a y l o a d  t o  300  n.m. 
c i r c u l a r  o r b i t  i s  r e d u c e d  b y  20% t o  30,500 l b s .  To a c h i e v e  a 
g r e a t e r  p a y l o a d  i n  300 n.m. c i r c u l a r  p a r k i n g  o r b i t ,  t h e  s tage 
can  be l aunched  t o  a 300  n.m. x 1 0 0  n.m. e l l i p s e  and c i r c u l a -  
r i z e d  w i t h  a s o l i d  a u x i l i a r y  p r o p u l s i o n  u n i t  ( j e t t i s o n a b l e  a- 
l o n g  w i t h  t h e  n u c l e a r  s t a g e  f a i r i n g  and s h r o u d  p r i o r  t o  s t age  
i g n i t i o n ) .  Gross p a y l o a d  t o  e l l i p t i c a l  o r b i t  i s  35,500 l b s ,  
and a u x i l i a r y  p r o p u l s i o n  i s  1 , 5 0 0  l b s  ( a p p r o x i m a t e l y  4 %  o f  
g r o s s  w e i g h t )  so  t h a t  n e t  payload  t o  300 n.m. p a r k i n g  o r b i t  i s  
34,000 l b s .  (An a l t e r n a t e  means of a c h i e v i n g  300 n.m. o r b i t  
i s  t o  c i r c u l a r i z e  w i t h  t h e  t r a n s t a g e ,  i n  l i e u  o f  t h e  s o l i d  
e n g i n e .  T h i s  has n o t  been  examined i n  dep th  b u t  does  appear 
t o  b e  a s a t i s f a c t o r y  a l t e r n a t i v e .  ) 

The TIIIM/Nuclear  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  1. 
Stage diameter i s  1 8 0  i n c h e s .  The s tage geometry i s  w i t h i n  
l i m i t s  f o r  TI I IMbulbous  pay loads  s o  t h a t  no problems are posed  
f o r  t h e  r8.ng:P nf p a y l ~ a d s  ccnsiclered. (Fny r e f e r e n c e  TTTT!! 
b u l b o u s  p a y l o a d  c a p a b i l i t y  i s  shown i n  F i g u r e  2 .  V e h i c l e  capa-  
b i l i t y  i s  g r e a t e r  t h a n  t h e  1 0 0 %  d e s i g n  wind a l l o w a b l e  o v e r  t h e  
r a n g e  o f  p a y l o a d  c o n f i g u r a t i o n s  c o n s i d e r e d .  

~ I I G  p a y l o a d  t o  1 0 0  n.m. i s  a p p r o x i m a t e l y  1 0 0 , 0 0 0  l b s .  
Payload  t o  300 n.m. i s  estimated a t  93,500 l b s ,  w i t h  s o l i d  motor  
c i r c u l a r i z a t i o n  similar t o  T I I I M .  A 260 i n c h  n u c l e a r  s tage  d i -  
ameter, s imi la r  t o  t h e  SIVB stage i s  s e l e c t e d  s o  t h a t  t h e  s tage 
would be  c o m p a t i b l e  w i t h  t h e  S a t u r n  v e h i c l e s  as w e l l .  S i n c e  t h e  
T I I I G  has a 180  i n c h  c o r e  t h i s  diameter would n o t  r e p r e s e n t  a n  
e x c e s s i v e l y  bu lbous  p a y l o a d .  

S e v e r a l  p o i n t s  a r e  worth n o t i n g  a b o u t  t h e  i n t e r s t a g e  
and f a i r i n g  c o n f i g u r a t i o n  chosen.  These s t r u c t u r e s  are  o f  
c o u r s e  j e t t i s o n e d  b e f o r e  n u c l e a r  s t age  s t a r t u p .  S i n c e  g r o s s  
weight t o  o r b i t  i s  f i x e d ,  t h e  n e t  p e n a l t y  i s  a r e d u c t i o n  i n  p ro -  
p e l l a n t  weight t o  o r b i t  ( and  minor r e d u c t i o n  i n  s t a g e  i n e r t  
weight commensurate w i t h  p r o p e l l a n t  r e d u c t i o n ) .  S e n s i t i v i t y  of  
s tage per formance  t o  weight  j e t t i s o n e d  i n  ear th  o r b i t  i s  270 f p s  
p e r  p e r c e n t  o f  g r o s s  weight  ( independen t  o f  g r o s s  weight  and 
i m p u l s i v e  v e l o c i t y ) .  Fo r  a 34 ,000  l b  v e h i c l e ,  a s a v i n g s  o f  1% 
o r  340  l b s ,  e q u i v a l e n t  t o  a 4 f t  s h o r t e n i n g  of adapter  l e n g t h ,  
would t h e r e f o r e  have o n l y  a minor e f f e c t  on s tage  pe r fo rmance .  
Thus e x o t i c  means of r e d u c i n g  the  i n t e r s t a g e  l e n g t h  by r e t r ac t -  
i n g  t h e  e n g i n e  b e l l  or even  l a u n c h i n g  t h e  s t a g e  u p s i d e  down 
( e n g i n e  f o r w a r d )  a re  n o t  deemed w o r t h w h i l e .  
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Payload  d e n s i t y  i s  assumed t o  b e  6 . 5  l b s / f t  3 
( s imi la r  t o  S u r v e y o r )  which i s  comparable  w i t h  t h e  d e n s i t y  o f  
l i q u i d  hydrogen  p r o p e l l a n t  ( 4 . 4  l b s / f t  3 ) .  S t a g e  and p a y l o a d  
l e n g t h  based on t h e  pay load  d e n s i t y  es t imate  i s  t h e r e f o r e  i n -  
s e n s i t i v e  t o  pay load  v a r i a t i o n ,  and  a l e n g t h  t o  d i a m e t e r  r a t i o  of 
a p p r o x i m a t e l y  4 p r e v a i l s  ove r  t h e  r a n g e  o f  p a y l o a d s  f o r  b o t h  
T I I I M  and T I I I G .  

V I I .  DESIGN APPROACH 

Gross stage we igh t  ( s t a g e  weight  p l u s  p a y l o a d )  i s  
d e t e r m i n e d  by g r o s s  weight  t o  d e s i r e d  i n s e r t i o n  o r b i t ,  minus 
j e t t i s o n e d  s h r o u d ,  i n t e r s t a g e ,  and a u x i l i a r y  p r o p u l s i o n  f o r  
p a r k i n g  o r b i t  c i r c u l a r i z a t i o n  ( i f  r e q u i r e d ) .  P r o p e l l a n t  we igh t  
t o  d e s i r e d  h y p e r b o l i c  e x c e s s  v e l o c i t y  i s  computed by i n t e g r a t i o n  
o f  t h e  e q u a t i o n s  of  motion t o  i n c l u d e  g r a v i t y  l o s s e s  ( R e f e r e n c e  5). 
I n e r t s  (compr ised  of e n g i n e ,  s t r u c t u r e ,  sys tems and p r o p e l l a n t  
r e s i d u a l s )  a re  de te rmined  on t h e  bas i s  o f  g r o s s  s t a g e  and 
p r o p e l l a n t  we igh t .  
we igh t  l e s s  i n e r t s  and p r o D e l l a n t .  

D i s c r e t i o n a r y  pay load  is t h e n  e q u a l  t o  g r o s s  

V I I I .  VEHICLE DESCRIPTION 

The g e n e r a l  T i t a n  TIIIM/Nuclear  s t a g e  c o n f i g u r a t i o n  
i s  shown i n  F i g u r e  3 .  The s t a g e  i s  a p p r o x i m a t e l y  7 0 0  i n c h e s  
l o n g  and has a b a s i c  d i ame te r  o f  1 8 0  i n c h e s .  The s t a g e  i s  
s u p p o r t e d  on T i t a n  I I I M  b y  a f a i r ed  a d a p t e r  mated t o  t h e  120 
i n c h  d i a m e t e r  c o r e  v e h i c l e ,  forming  a bulbous  or hammerhead 
c o n f i g u r a t i o n .  A j e t t i s o n a b l e  f a i r i n g  i s  a t  t h e  fo rward  e n d .  
M o d i f i c a t i o n s  t o  t h i s  c o n f i g u r a t i o n  f o r  t h e  300 n.m. o r b i t  
are  shown i n  F i g u r e  4 .  The TII IG/Nuclear  s t a g e  i s  260 i n c h e s  
i n  diameter and approx ima te ly  9 6 0  i n c h e s  l o n g ,  mated t o  a 
1 8 0  i n c h  c o r e  i n  s imilar  f a s h i o n  t o  t h e  TIIIM c o n f i g u r a t i o n .  

P r o p e l l a n t  i s  LH2, l o a d e d  subcoo led  t o  l i m i t  p ro -  
p e l l a n t  b o i l o f f  l o s s e s  from r a d i a t i o n  h e a t i n g .  The e n g i n e  i s  
g r a p h i t e  w i t h  z i rconium-hydr ide  f o r  a d d i t i o n a l  m o d e r a t i o n , b a s e d  
on a d e s i g n  s t u d y  by Aero-Jet  Gene ra l  ( R e f e r e n c e  6 ) .  S p e c i f i c  
impu l se  is assumed a t  850 s e c  ( R e f e r e n c e  7 ) .  

T h r u s t  f o r  T I I I M  and TIIIG v e r s i o n s  a r e  1 0 , 0 0 0  l b f  

and 20,000 l b f ,  r e s p e c t i v e l y .  
900 t o  3000 s e c s  as a f u n c t i o n  o f  p r o p e l l a n t  l o a d i n g .  

Engine b u r n  t i m e s  v a r y  from 

S t a g e  s c a l i n g  laws i n c l u d i n q  assumed e n q i n e  w e i g h t s  
for t h e  r a n g e  o f  p r o p e l l a n t  l o a d i n g s  c o n s i d e r e d  were d e r i v e d  
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LV 

from p o i n t  d e s i g n s  and a r e  g i v e n  be low.  (Weight  breakdowns f o r  
t h e  p o i n t  d e s i g n s  a r e  d i s c u s s e d  i n  S e c t i o n  X.) 

I 
Gross S t a g e  Weight I n e r t s  (Ws) S c a l i n g  Law I 

I 

T I I I G  

T I I I M  I 

I 
Q 92,000 ws = 11,000 t .122 w P 

( i n c l u d i n g  5 , 0 0 0  l b  e n g i n e )  

34,000 1 Ws = 6 , 3 5 0  + . I 6 8  W 
P 

( i n c l u d i n g  3 , 5 0 0  l b  e n g i n e )  
4 

1 

The graph  i n  F i g u r e  5 shows t h e  T I I I M  p o i n t  d e s i g n s  
c a l c u l a t e d  f o r  d i f f e r e n t  p r o p e l l a n t  l o a d i n g s  and n o t e s  t h e  de- 
g r e e  of  l i n e a r i t y  o v e r  t h e  p r o p e l l a n t  r a n g e .  F i g u r e  6 shows 
t h e  r e l a t i o n s h i p  o f  p a y l o a d ,  p r o p e l l a n t ,  and i n e r t s  as a func -  
t i o n  o f  h y p e r b o l i c  e x c e s s  v e l o c i t y .  Note i n  p a r t i c u l a r  t h e  
r e l a t i o n s h i p  o f  p r o p e l l a n t  t o  p a y l o a d .  S i n c e  g r o s s  s t a g e  we igh t  
i s  f i x e d ,  pay load  i s  i n c r e a s e d  o n l y  a t  t h e  expense  of  r educed  
p r o p e l l a n t .  A s  a r e s u l t ,  p a y l o a d / v e l o c i t y  r e l a t i o n s h i p s  d i f f e r  
c o n s i d e r a b l y  from t h o s e  of  f i x e d  p r o p e l l a n t  s t a g e s .  Mass f r a c -  
t i o n s  ( r a t i o  o f  p r o p e l l a n t  weight  t o  p r o p e l l a n t  p l u s  i n e r t s  
w e i g h t )  and pay load  f r a c t i o n  ( r a t i o  of  pay load  t o  g r o s s  s t a g e  
w e i g h t )  a re  g i v e n  as a f u n c t i o n  o f  p r o p e l l a n t  weight  i n  F i g u r e  7 .  
(The s h a r p  d e c r e a s e  i n  mass f r a c t i o n s  f o r  l a r g e  p a y l o a d s  under -  
s c o r e s  t h e  p a y l o a d / p r o p e l l a n t  r e l a t i o n s h i p  c i t e d  a b o v e . )  

I X .  PERFORMANCE 

TIIIM/Nuclear  payload  f o r  s e l e c t e d  m i s s i o n s  a re  p r e -  
s en ted  i n  F i g u r e  8 f o r  b o t h  n u c l e a r  and c o m p e t i t i v e  c r y o g e n i c  
s t a g e s .  F i g u r e  9 and 1 0  show r e l a t i v e  per formances  f o r  pay- 
l o a d s  from 200 t o  1 5 , 0 0 0  l b s ,  o v e r  t h e  r a n g e  of  v e l o c i t i e s  
f rom e a r t h  e s c a p e  t o  s o l a r  s y s t e m  e s c a p e .  D i f f e r e n c e s  i n  pay- 
l o a d s  i n s e r t e d  from 1 0 0  n.m. and 3 0 0  n.m. p a r k i n g  o r b i t  d r a m a t i z e  
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t h e  p e n a l t i e s  a s s o c i a t e d  w i t h  n u c l e a r  s t a g e  r a n g e  s a f e t y  con- 
s t r a i n t s .  F i g u r e  9 compares t h e  r u b b e r i z e d  n u c l e a r  s tage w i t h  
TIIIM/Centaur  ( and ,  a t  h i g h e r  v e l o c i t i e s ,  TI I IM/Centaur /Burner )  
l a u n c h e d  o p t i m a l l y  v i a  d i r e c t  a s c e n t ,  and F i g u r e  1 0  compares 
t h e  n u c l e a r  s t a g e  w i t h  a h y p o t h e t i c a l  advanced  c r y o g e n i c  s t a g e  
(Is = 460 s e c ,  .90 < X < . 9 2 )  l aunched  f rom 100 n.m. p a r k i n g  
o r b i t .  T h i s  l a u n c h  mode i s  no t  o p t i m a l  f o r  t h e  advanced c ryo-  
g e n i c  s t a g e ,  b u t  does  s e r v e  to i n d i c a t e  a minimum c a p a b i l i t y ,  
and i s  s u i t a b l e  f o r  p u r p o s e s  o f  compar ison .  

The 1 0 0  n.m. launched  n u c l e a r  s t a g e  shows m a r g i n a l  
p a y l o a d  improvement compared to Centau r  for Vc > 4 0 , 0 0 0  f p s .  
( T h i s  a d v a n t a g e ,  however,  would b e  o f f s e t  w i t h  a d d i t i o n  o f  a 
Burne r  I1 f o u r t h  s t a g e  on C e n t a u r . )  The 300 n.m. v e h i c l e  i s  
n o t  c o m p e t i t i v e  w i t h  Centaur  o v e r  any r a n g e .  The advanced 
c r y o g e n i c , s t a g e  even  i f  f i r e d  o r b i t a l l y  r a t h e r  t h a n  by optimal 
s u b o r b i t a l  s t a g i n g , w o u l d  b e  e q u a l  or s u p e r i o r  to t h e  n u c l e a r  
s t a g e s  o v e r  t h e  e n t i r e  r ange  i f  t h e  h i g h e s t  mass f r a c t i o n  ( . 9 2 )  
were a c h i e v a b l e .  

G r a v i t y  l o s s e s  f o r  t h e  T I I I M  n u c l e a r  s t a g e  a r e  shown 
f o r  r e f e r e n c e  i n  P i g i i r ~  11 fnr the 100 ~ - m -  lafirzch c ~ s e  ~ 5 t h  
i n i t i a l  t h r u s t  to weight  (T/Wi) = . 2 9 2 .  V e l o c i t y  l o s s e s  v a r y  
f rom 2 5 0  f p s  a t  e a r t h  e s c a p e  t o  3 , 0 0 0  f p s  a t  s o l a r  s y s t e m  e s -  
c a p e .  G r a v i t y  l o s s e s  for t h e  300  n.m. s t a g e  are  a l m o s t  i d e n -  
t i c a l .  

TI I IG/Nuclear  pay loads  r a n g e  from a lmos t  4 0 , 0 0 0  l b s  

R e l a t i v e  per formance  o f  t h e  n u c l e a r  s t a g e  t o  t h e  c ryo-  

to Mars to 2,000 l b s  to s o l a r  e s c a p e .  
w i t h  an  advanced 1 0 0 , 0 0 0  l b s  c r y o g e n i c  s tage  i n  F i g u r e s  1 2  
and 13 .  
g e n i c s  i s  improved,  p r i n c i p a l l y  as a r e s u l t  o f  r e d u c e d  e n g i n e  
t h r u s t - w e i g h t  (T/We) i n  t h e  2 0 , 0 0 0  l b f  t h r u s t  r a n g e  (as d i s -  

c u s s e d  i n  S e c t i o n  X). I n  o v e r a l l  pe r fo rmance ,  t h e  300 n.m. 
s t a g e  i s  d i r e c t l y  c o m p e t i t i v e  w i t h  t h e  c r y o g e n i c  s t a g e  a t  
A = . g o ,  and t h e  100 n.m. s t a g e  i s  s u p e r i o r  to a l l  c r y o g e n i c s  
o v e r  a l m o s t  t h e  e n t i r e  v e l o c i t y  r a n g e .  I n c r e a s e d  pay load  
marg in  i s ,  however,  o n l y  1 0 %  which c o u l d  b e  o f f s e t  by d i r e c t  
l a u n c h  o f  t h e  c r y o g e n i c  s t a g e  or a d d i t i o n  of  a Burner  I1 s t a g e .  

X .  DESIGN ELEMENTS 

R a d i a t i o n  Environment 

Per formance  i s  compared 

Payload  and e n g i n e  components are  s u s c e p t a b l e  to dam- 
age  f rom f i s s i o n  p r o d u c t  r a d i a t i o n .  I n  a d d i t i o n ,  p r o p e l l a n t  
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b o i l o f f  and s h i e l d i n g  p e n a l t i e s  can  r e s u l t  f rom r a d i a t i o n  h e a t -  
i n g  d u r i n g  l o n g  d u r a t i o n  b u r n s .  
below: 

These s i t u a t i o n s  are  assessed 

Payload  - E l e c t r o n i c  equipment  can  b e  d e s i g n e d  
r 

s o  t h a t  cumula t ive  doses  o f  1 0  b rads of gamma 
1 n  - 

r a y s  and loLL n e u t r o n s  p e r  cm’ of  f a s t  n e u t r o n s  
w i l l  n o t  deg rade  per formance .  A s  shown i n  
F i g u r e  1 4  (Re fe rence  8 )  s e p a r a t i o n  d i s t a n c e  be-  
tween e n g i n e  and payload  i s  s u f f i c i e n t l y  g r e a t  
i n  t h e  p r e s e n t  c a s e  to p r e c l u d e  pay load  s h i e l d i n g  
r e q u i r e m e n t s  o v e r  t h e  r a n g e  of p r o p e l l a n t  w e i g h t s  
s e l e c t e d .  (Note:  p o s s i b l e  d e s i g n  p e n a l t i e s  a s -  
s o c i a t e d  w i t h  r a d i a t i o n  h a r d e n i n g  o f  e l e c t r o n i c  
equipment  t o  above v a l u e s  have n o t  been  c o n s i d e r e d . )  

Engine Components - Components a d j a c e n t  t o  t h e  
e n g i n e  a r e  assumed r a d i a t i o n  ha rdened  or l o c a l l y  
s h i e l d e d .  
t h e  e n g i n e  w e i g h t . )  When p o s s i b l e ,  components 
are  mounted forward  of t h e  p r o p e l l a n t  t a n k  i n  t h e  

(300  l b s  o f  s h i e l d i n g  i s  i n c l u d e d  i n  

mm,,in---.t h-.. - - - - -  
b y ~ ~ p ~ ~ ~ ~ ~ ~ b  u a y  a l -ca .  

P r o p e l l a n t  H e a t i n g  - With t h e r m a l  mixine;, no b o i l o r f  
weight  p e n a l t y  due  t o  r a d i a t i o n  h e a t i n g  r e s u l t s  i f  p ro -  
p e l l a n t s  a r e  subcoo led .  
t h e  s u b c o o l i n q  r e q u i r e m e n t s  for t h e  r a n g e  of p r o p e l -  
l a n t s  c o n s i d e r e d .  
Without  s u b c o o l i n g  s i g n i f i c a n t  b o i l o f f  and/or  p ro -  
p e l l a n t  s h i e l d i n g  p e n a l t i e s  can  r e s u l t ,  as c i t e d  i n  
Refe rence  8 .  

F i g u r e  15 ( R e f e r e n c e  8 )  shows 

Assumed t a n k  v e n t  p r e s s u r e  i s  30 p s i a .  

T h r u s t  S e l e c t i o n  

The dependence of  payload  on t h e  r a t i o  of t h r u s t  t o  
i n i t i a l  v e h i c l e  we igh t  (T/Wi) i s  shown i n  F i g u r e  1 6 .  
we igh t  has been  assumed t o  be p r o p o r t i o n a l  t o  t h r u s t ,  w i t h  
t h r u s t  i n  i b  

F i g u r e  1 6  shows t h a t  for a h y p e r b o l i c  e x c e s s  v e l o c i t y  of  
0.35 emos, t h e  optimum T/Wi i s  a p p r o x i m a t e l y  0 . 2 ,  i ndependen t  

Engine 

e q u a l  t o  f o u r  times e n g i n e  weight  i n  l b  . m f 

- 

o f  t h e  s t a g e  s c a l i n g  law. 
T/Wi i s  a l s o  0 . 2 .  

For  o t h e r  v e l o c i t i e s  t h e  optimum 
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The e s t i m a t e d  eng ine  t h r u s t  t o  e n g i n e  weight (T/We) 

r e l a t i o n s h i p s  for n u c l e a r  r o c k e t  e n g i n e s  are  shown i n  F i g u r e  1 7 .  
While t h e  g e n e r a l  r e l a t i o n s h i p  i s  f a i r l y  l i n e a r  for t h r u s t s  i n  
t h e  r a n g e  of 20,000 l b f  t o  75,000 l b f ,  t h e r e  i s  a s i g n i f i c a n t  
f l a t t e n i n g  of t h e  cu rve  below t h e  t h r u s t  l e v e l  o f  2 0 , 0 0 0  l b f .  

Consequen t ly ,  f o r  small s t a g e s  c o m p a t i b l e  w i t h  t h e  T I I I M ,  t h e  
optimum T/Wi i s  i n c r e a s e d  because  o f  t h e  d e c r e a s e  i n  T/We. The 

1 0 , 0 0 0  l b f  t h r u s t  e n g i n e  of t h i s  s t u d y  g i v e s  i n i t i a l  t h r u s t  t o  
w e i g h t s  (T/Wi) of 0 . 2 9 2  and 0.334 f o r  t h e  1 0 0  n.m. and 300 n.m. 
p a r k i n g  o r b i t s ,  r e s p e c t i v e l y .  
be c l o s e  t o  optimum. 

These T /Wi l s  a re  c o n s i d e r e d  t o  

S u b s t a n t i a l  u n c e r t a i n t i e s  i n  e n g i n e  we igh t  e x i s t  
e s p e c i a l l y  i n  t he  low t h r u s t  r e g i o n s .  These w e i g h t s  conce iv -  
a b l y  can  b e  r educed  b y  as much as 1 5 %  based on some p r o j e c t e d  
advances  i n  t h e  s t a t e - o f - t h e - a r t .  

S t r u c t u r e s  

s tyuc tuy2 . l  CcEpcneRtS f c r  t h e  TIIIM n ? ? c l e 2 r  S t l " r 0  0- -- Q v e  
shown i n  an  exploded  v i e w i n  F i g u r e  1 8 .  
t h r o u g h o u t .  

Aluminwn s k i n s  a r e  used  

The i n t e r s t a g e  adapter  i s  a 260 i n  t r u n c a t e d  cone .  
A u x i l i a r y  p r o p u l s i o n  u n i t s  are s u p p o r t e d  w i t h i n  t h i s  s e c t i o n  
as shown i n  F i g u r e  4 .  The  lower s k i r t  c y l i n d e r  i s  26  i n  l o n g  
and  forms t h e  s u p p o r t  s t r u c t u r e  f o r  t h e  eng ine  cone .  The en- 
g i n e  s u p p o r t  i s  a t r u n c a t e d  45" cone ,  70 i n c h e s  i n  l e n g t h .  

The p r o p e l l a n t  t a n k  i s  a welded aluminum monocoque 
s t r u c t u r e  d e s i g n e d  t o  a l i m i t  p r e s s u r e  o f  30 p s i a .  The t a n k  
i s  compr ised  of a c y l i n d r i c a l  c e n t e r  s e c t i o n ,  a n  e l l i p t i c a l  
u p p e r  doms and a lower  dome c o n s i s t i n g  o f  e l l i p t i c a l ,  c o n i c a l ,  
and s p h e r i c a l  s e c t i o n s .  The s t a g e  i s  " r u b b e r i z e d "  by a d d i n g  
o r  removing c y l i n d r i c a l  segments .  No mic rometeo ro id  p r o t e c t i o n  
i s  assumed. 

The fo rward  s k i r t  i s  a 26 i n c h  c y l i n d e r  o f  f i b e r  g l a s s  
sandwich  c o n s t r u c t i o n .  Th i s  s e c t i o n  forms t h e  thermal  b a r r i e r  
be tween t h e  t a n k  and t h e  equipment s e c t i o n .  The equipment  
s e c t i o n  i s  a c y l i n d e r  64 i n c h e s  i n  l e n g t h  h o u s i n g  s t a g e  s y s t e m s  
and  r a d i a t i o n  s e n s i t i v e  eng ine  components.  The n o s e  f a i r i n g  i s  
a c o n i c  s e c t i o n  w i t h  a h a l f  cone a n g l e  o f  17". Length i s  v a r i e d  
w i t h  pay load  s i z e  by a d d i t i o n  o f  a c y l i n d r i c a l  e x t e n s i o n .  
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The i n s u l a t i o n  a r rangement  i s  shown i n  F i g u r e  1 9 .  
I n s u l a t i o n  i s  p o l y u r e t h a n e  foam bonded to t he  e x t e r n a l  su r -  
f a c e  o f  t h e  t a n k ,  ( e s s e n t i a l l y  t h e  same as the  C e n t a u r  LH2 
t a n k ) .  

Systems and R e s i d u a l s  Weight 

Systems we igh t  estimates are based on t h e  acivanced -Cen- 
t a u r  sys t em i n  Refe rence  9 .  Cen tau r  i s  o f  similar g r o s s  w e i g h t  
to t h e  TIIIM/Nuclear  s t a g e  and pe r fo rms  t h e  same t y p e  o f  m i s s i o n .  
Such i tems as p r e s s u r i z a t i o n  and v e n t i n g  a r e  s c a l e d  to n u c l e a r  
s t a g e  LH2 t a n k  s i z e .  P e n a l t i e s  a s s o c i a t e d  w i t h  b i p r o p e l l a n t  
sys t ems  such  as p r o p e l l a n t  u t i l i z a t i o n  a r e  d i s c a r d e d .  P r o p e l l a n t  
r e s i d u a l s  are e s t i m a t e d  a t  1 . 5 %  o f  p r o p e l l a n t  w e i g h t .  Almost t h e  
e n t i r e  r e s i d u a l  l o s s  i s  a t t r i b u t a b l e  t o  H2  vapor  a t  30 p s i a  t a n k  
p r e s s u r e .  L i q u i d  r e s i d u a l s  a r e  n e g l i q a b l e  by compar ison .  

Weight Breakdown 

A TIIIM/Nuclear  s t a g e  we igh t  breakdown f o r  p a y l o a d  
d e l i v e r e d  t o  a h y p e r b o l i c  e x c e s s  v e l o c i t y  o f  .30 emos i s  g i v e n  
i n  F i g u r e  2 0 .  ( S t r u c t u r e  and systems we igh t s  are  d e s i g n a t e d  
i n  g r e a t e r  d e t a i l  i n  F i g u r e  2 1 . )  S t r u c t u r e  and e n g i n e  w e i g h t s  
are  e a c h  about  4 0 %  o f  t o t a l  s t a g e  i n e r t s .  Systems we igh t  i s  
a p p r o x i m a t e l y  20%.  Mass f r a c t i o n  and pay load  f r a c t i o n  a r e  .667 
and .157 , r e s p e c t i v e l y .  

X I .  POTENTIAL PERFORMANCE IMPROVEMENTS OF NUCLEAR STAGES 

S i g n i f i c a n t  improvements of TIIIl '4/Nuclear 
s tage  performance can  p o t e n t i a l l y  be a c h i e v e d  b y  t h e  f o l l o w i n g  
means : 

S u b o r b i t a l  S t a r t  - Although i t  i s  u n l i k e l y  t h a t  sub-  
o r b i t a l  s t a r t  would be  p e r m i t t e d  i n  i n i t i a l  f l i g h t s ,  
i t  c o u l d  become a c c e p t e d  o p e r a t i o n a l  p r o c e d u r e  l a t e r  
i n  t h e  program. The per formance  o f  a T I I I M  n u c l e a r  
s t a g e  has n o t  y e t  been e v a l u a t e d  f o r  s u b o r b i t a l  s t a r t .  
However, t h e  per formance  p o t e n t i a l  i s  i l l u s t r a t e d  b y  
comparable  d a t a  f o r  a S a t u r n  v n u c l e a r  s t a g e .  Based 
on Nema I per formance ,  a s t a g e  o p t i m i z e d  f o r  sub- 
o r b i t a l  s t a r t  would i n c r e a s e  pay loads  from 2 0 %  t o  50% 
as compared w i t h  o r b i t a l  s t a r t  i n  t h e  r a n g e  o f  Vc 
from 3 6 , 0 0 0  t o  6 0 , 0 0 0  f p s ,  as shown i n  F i g u r e  2 2 .  
I n j e c t i o n  i n t o  a lower a l t i t u d e  p a r k i n g  o r b i t ,  e . g .  
80 n.m. p a r k i n g  o r b i t ,  fo l lowed  b y  o r b i t a l  s t a r t  might  
a l t e r n a t e l y  b e  a c c e p t a b l e .  P r o p e l l a n t  we igh t  t o  o r b i t  
would i n  t h i s  c a s e  b e  i n c r e a s e d  b y  abou t  2 % .  



BELLCOMM, INC. - 1 2  - 

9 S t a g e  Weight Reduct ion  - If 1 , 0 0 0  l b s  o f  i n e r t s  
were s a v e d  t h r o u g h  e n g i n e ,  s t r u c t u r e ,  and  s y s t e m s  
weight  r e d u c t i o n ,  1 , 0 0 0  l b s  o f  a d d i t i o n a l  p a y l o a d  
would r e s u l t .  
weight  a t  t h e  1 0 , 0 0 0  l b s  l e v e l ,  a l o n e ,  c o u l d  ac -  
count  f o r  as much as 500 l b s .  I n  t h e  c u r r e n t  
d e s i g n  c o n v e n t i o n a l  s t r u c t u r a l  mater ia ls  are  u t i -  
l i z e d .  Recourse t o  e x o t i c  mater ia l s ,  c o u p l e d  w i t h  
p o s s i b l e  r e d u c e d  p r o p e l l a n t  t a n k  p r e s s u r e  r e q u i r e -  
ments might  s a v e  hundreds  of pounds more.  F l i g h t  
sys t ems  w e i g h t s ,  which are est imated on t h e  b a s i s  
o f  Cen tau r  sys tems might  a l s o  b e  r educed  s u b s t a n -  
t i a l l y .  
i n e r t s  weight  r e d u c t i o n  i s  shown i n  F i g u r e  2 3 .  

U n c e r t a i n t i e s  i n  n u c l e a r  e n g i n e  

S t a g e  per formance  r e f l e c t i n g  a 1 , 0 0 0  l b  

R e s t a r t / R e d u c t i o n  o f  G r a v i t y  Losses  - Restar t  capa-  
b i l i t y  would be d e s i r a b l e  i n  c o n j u n c t i o n  w i t h  sub-  
o r b i t a l  s t a r t  i n  o r d e r  t o  a v o i d  t h e  s h o r t  l a u n c h  
windows a s s o c i a t e d  w i t h  d i r e c t  i n j e c t i o n  v s .  p a r k i n g  
o r b i t .  It would a l s o  p r o v i d e  t h e  c a p a b i l i t y  f o r  i n -  
j e c t i o n  i n t o  e a r t h  synchronous  o r b i t .  
c an  o f f e r  performance improvements f o r  p l a n e t a r y  

t h e  g r a v i t y  l o s s  r e d u c t i o n  f o r  a two b u r n  i n j e c t i o n  
assuming v a r i o u s  cooldown p r o p e l l a n t  l o s s e s .  The 
f i rs t  b u r n  i s  t o  a one day e l l i p s e  w i t h  1 0 0  n.m. 
p e r i g e e ,  and t h e  second b u r n  i s  s t a r t e d  a t  a n  optimum 
p o i n t  b e f o r e  p e r i g e e .  I f ,  f o r  example,  cooldown 
l o s s e s  c o u l d  be h e l d  t o  3% o f  burned  p r o p e l l a n t  
w e i g h t ,  s i g n i f i c a n t  n e t  v e l o c i t y  s a v i n g s  f o r  Vc 
g r e a t e r  t h a n  4 0 , 0 0 0  f p s  r e s u l t .  For J u p i t e r  m i s s i o n s  
t h e  s a v i n g s  would b e  abou t  800 f p s .  For  s o l a r  sys t em 
e s c a p e ,  s a v i n g  would b e  on t h e  o r d e r  o f  1 4 0 0  f p s .  

If no  a d d i t i o n a l  i n e r t s  r e s u l t e d  f o r  r e s t a r t ,  pay- 
l o a d s  t o  J u p i t e r  and s o l a r  sys t em e s c a p e  would b e  
i n c r e a s e d  b y  600  l b s  and 800 l b s ,  r e s p e c t i v e l y .  
A d d i t i o n a l  s h i e l d i n g ,  i n s u l a t i o n ,  and e n g i n e  p e n a l -  
t i e s  would be s u b t r a c t e d  from these t o t a l s ,  s o  t h a t  
n e t  pay load  g a i n  i s  u n c e r t a i n .  

R e s t a r t a b i l i t y  

- 3  1 1 1 1 0 0 1 W l l  " " 3  -Y  1-7 v;a. - m . . l  Illurl/lp:z c.: n kU?l? i r i j e z t i o n .  n: I L h U I  _..-- G 2Q zh0;;z 

X I I .  CONCLUSIONS 

Without  s u b o r b i t a l  s t a r t ,  u t i l i z a t i o n  of  
stage as a deep s p a c e  i n j e c t i o n  s t a g e  f o r  unmanned 
n o t  be  j u s t i f i e d  s o l e l y  on a basis  o f  pe r fo rmance .  

a TIIIM/Nuclear 
m i s s i o n s  can- 
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A n u c l e a r  s t a g e  s i z e d  f o r  T I I I M  i n s e r t i o n  " 0  a 1 0 0  n.m. 
p a r k i n g  o r b i t  i s ,  w i t h i n  p r e s e n t  u n c e r t a i n t i e s ,  o n l y  c o m p e t i t i v e  
performance-wise w i t h  a s u b o r b i t a l l y  l aunched  TII IM/Centaur ,  or 
advanced  c r y o g e n i c  s tages  l aunched  from 1 0 0  n.m. p a r k i n g  o r b i t .  
Performance o f  TIIIM/Nuclear  s i z e d  f o r  300  n.m. p a r k i n g  o r b i t  i n -  
s e r t i o n  i s  r educed  b y  g rea te r  t h a n  20% compared t o  t h e  1 0 0  n.m. 
c a s e  and i s  c o n s i d e r a b l y  below t h a t  o f  TIIIM/Centaur  a l t h o u g h  
s u b s t a n t i a l  p a y l o a d s  are  s t i l l  a c h i e v a b l e .  

The r e l a t i v e  per formance  o f  TI I IG/Nuclear  stages com- 
p a r e d  t o  c r y o g e n i c s  o f  s i m i l a r  g r o s s  weight  i s  somewhat improved,  
n o t e a b l y  f o r  t h e  300 n.m. p a r k i n g  o r b i t  c a s e ,  b u t  i n  a b s o l u t e  
terms n u c l e a r  s tage  per formance  c a p a b i l i t y  i s  o n l y  m a r g i n a l l y  
s u p e r i o r  to t h a t  o f  t h e  c r y o g e n i c s .  

I f  assumed ground r u l e s  p e r t a i n i n g  t o  r e s t r i c t i o n s  o f  
n u c l e a r  s t a g e  s u b o r b i t a l  s t a r t  a r e  eased, pe r fo rmance  would con- 
s i d e r a b l y  exceed  t h a t  de t e rmined  he re .  P o s s i b l e  n u c l e a r  s tage 
weight  r e d u c t i o n s  based on advances i n  t h e  s t a t e - o f - t h e - a r t  o f  
e n g i n e ,  s t r u c t u r e s ,  and systems c o u l d  a l s o  have a s i g n i f i c a n t  
Impact  on s t a g e  pe r fo rmance ,  e s p e c i a l l y  i n  t h e  h i g h  ene rgy  r a n g e  
f o r  Vc > 4 6 , 0 0 0  f p s .  

ASK 
1013-DJO-gdn 

MHS 

A .  S .  K i e r s a r s k y  

M .  H .  Skee r  
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FIGURE IC - NUCLEAR STAGE MODIFICATION 300 N.M. ORBIT  
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F IGURE 20 - T I  IM/NUCLEAR DESIGN AND PERFORMANCE STUDY 
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